Three strong earthquakes with magnitudes of M W 8.4, M W 7.9 and M W 7.0 occurred in the sea west of Sumatra Island on September 12 and 13, 2007. We relocated the epicenters and focal depths of the three events by means of the reversal-time imaging technique using broadband digital seismic data from worldwide stations ranging from 30° to 90°, imaged the spatiotemporal variation of the energy radiation sources by means of the nonplane wave array technique using the broadband digital seismic data from a generalized array made up of 33 stations of the Capital Region Digital Seismograph Network (CRDSN), and obtained the rupture duration times, extents and rupture velocities. Also, we discussed the correlations between the locations of the energy radiation sources of the three events.
Around Sumatra and Java islands of Indonesia are areas where strong earthquakes occur at high frequency. Strong earthquakes have been coming out one after another especially since 2004, which has drawn wide attention from scientists. One of the interesting issues is that some of the already-occurred strong earthquakes caused tsunami while the other did not. For example, the M W 9.0 Sumatra-Andaman huge earthquake of 26 December 2004 caused the most destructive tsunami ever recorded, the M W 8.7 Sumatra earthquake of 28 March 2005 did not, and the M W 7.2 earthquake of 17 July 2006 in Java seas excited one with a height of about 2 m only (http:// www. sina.com.cn).
The correlation between earthquake and earthquake tsunami is very complicated. It has been a hot issue to which scientists have paid attention for a long time. Occurrence of earthquake tsunami is related with earthquake magnitude and source mechanism, but the dynamic rupture process of earthquake source seems to be a more important factor [1] ; a tsunami earthquake has often a slower rupture process and longer rupture duration time [2] [3] [4] [5] [6] . Rupture propagation direction of an earthquake has unneglectable influences on the propagation of tsunami energy [7] . Three strong earthquakes occurred in the sea west of Sumatra Island on September 12 and 13, 2007. Very soon did Harvard University determine the CMT solutions, obtaining the focal mechanisms for them (Table 1 ). All the three events were of thrust faulting with shallower dips. The first M W 8.4 event caused 3-m-high tsunami waves, killing at least 10 people, injuring hundreds of people, and collapsing a fraction of buildings (http://www.sina.com.cn). The second M W 7.9 event and the third M W 7.0 event neither excited tsunami nor resulted in casualties. Subsequently, USGS relocated the Owing to the important sense of studying the earthquakes in this area to geoscience and the important effect of source rupture process, dimension and rupture velocities on earthquake tsunami, we made a detailed study on the source rupture processes of the three earthquakes occurring in the sea west of Sumatra Island on 12 and 13 September, 2007. In this paper, we briefly described the spatiotemporal variation of the energy radiation sources of the three events obtained after quickly processing the broadband records of CRDSN by means of the nonplane wave array technique.
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Array recordings had been used to directly track the earthquake rupture front as early as in the 1980s [8] [9] [10] , but these applications were limited to the earthquakes at near or local distances. The occurrence of the 2004 Sumatra-Andaman M W 9.0 earthquake made the application of array technique expanded to earthquakes at teleseismic distances, and what is more, made the application of plane wave technique expanded to the application of nonplane wave technique [11] [12] [13] . Compared with waveform inversion technique [14] [15] [16] [17] , the advantage of array technique lies in the fact that it is unnecessary to compute Green's functions, to have an idea about fault geometry, to take into account continuity or smoothness during rupture propagation, or to make choice of true earthquake fault plane from auxiliary plane; however, the disadvantage is that it can give the spatiotemporal variation of energy radiation sources only on horizontal plane.
The source of a small earthquake could be considered as a point source, and its location may be determined by traveling time of direct waves and the propagation direction of plane waves. And the source of a large earthquake could be described as a spatiotemporal collection of the sources of small earthquakes. Since a point source of a small quake may be determined by array technique, so may all the point sources composing the source of a large earthquake. If the location of each point source of which the source of a large earthquake is made up could be determined as well as the traveling time of direct waves radiated by each point source, so could the temporal-spatial image of energy radiation sources of this large earthquake. In this work, we adopted the nonplane wave array technique described by Kruger et al. [11] and
Ishii et al. [12] . This technique takes advantage of the correlation among the signals recorded at different stations of the array, but throws away the limit of plane-wave which is required in the traditional array technique, reducing requirements for geometry and aperture of the array and improving locating accuracy.
Data and processing
CRDSN is composed of 59 short-period stations and 48 broadband stations. We chose 33 relatively closer broadband stations, which have flat velocity frequency responses of 0.05 to 20 Hz, to configure a temporary array. It is called BJ Array in the following (Figure 1) . The BJ Array looks like an arc facing the epicenter in geometry, with a north-to-south span of about 500 km and an east-to-west span of about 700 km. Such a station distribution is very suitable for tracking the energy radiation sources of the earthquake by the nonplane wave array technique [11, 18] . The horizontal components of recordings are easily disturbed often, so we used the vertical components only. According to the experiences we had obtained in dealing with the earthquakes in the same area [19] , we only used band-pass filter of 0.2 to 10 Hz to the original records.
The distances between the reference station of the BJ Array and the three great earthquakes in September, 2007, vary in the range of 44° to 46° (Figure 1 ). At these distances, the dominant secondary phases are PP and PPP. But the difference of the traveling time between PP and P is bigger than 105 s, and the difference between
